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SUMMARY:  The objective of this study was to evaluate the effects of growth hormone (GH) and muscle strength training (ST)
on the composition of bone tissue of Wistar rats through Raman spectroscopy. In total, 40 male rats were randomly distributed into fo r
groups: (N = 10) control (C), control with the application of GH (GHC), strength training (T), and strength training with the application
of GH (GHT). The training consisted of four series of 10 water jumps, performed three times a week, with an overload corresponding to
50 % of body weight and duration of four weeks. GH was applied at a dose of 0.2 IU / kg in each animal three times a week and every
other day. After four weeks, the animals were euthanized and the right femurs collected for analysis of the bone structure. Raman
spectroscopy (ER) was used to observe the following compounds from their respective bands: Calcium Carbonate-Triglycerides (fatty
acids) 1073 cm-1, Collagen type I 509 cm-1, Bone-DNA Phosphate (Protein) 589 cm-1, Phosphate Phospholipids 1078 cm-1. For the
statistical analysis, the Shapiro-Wilk and ANOVA One-Way variance analysis normality tests were performed, followed by the Tukey
post-test. The results showed an increase in the concentrations of calcium carbonate-triglycerides (fatty acids), type I collagen, bone
phosphate-DNA (protein), and phosphate phospholipids in all experimental groups, with or without ST and/or GH , But only the islated
training group differed significantly from the control group (P <0.05). It was concluded that all treatments could promote bone tissue
gain, however, only the T group demonstrated a significant difference in the mineral compounds analyzed.
KEY WORDS: Swimming; Calcium carbonate; Collagen; Phosphate; Raman spectroscopy.
INTRODUCTION
Physical training (PT) has been used as an important
tool for health promotion (Paes et al., 2015), as, with the
increasing longevity of the world population, it is possible
to observe the progression of the number of fractures caused
by a decrease in bone mineral density Stolnicki & Oliveira
(2016). This can occur due to the impairment of tissue
resistance, osteopenia, and osteoporosis (NIH Consensus
Development Panel on Osteoporosis Prevention, Diagno-
sis, and Therapy, 2001).
In this sense, PT can promote the development of
tissue, increasing its density, as well as the ratio of bone
volume and trabecular thickness (Giordano et al., 2016). In
addition, it can act on the release of growth hormone (GH),
indirectly, causing hormonal release and, consequently,
c llular growth (Lange et al., 2005). This hormone exerts
n effect on osteoclasts and, more markedly, on osteoblasts,
emphasizing the idea of a possible anabolic effect in the
keleton (Simpson et al., 2006).
GH secretion is essential for skeletal development
and growth and maintenance of bone mass, since its action
stimulates the growth of several tissues, such as muscle
tissue, in addition to other important effects on the
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longitudinal growth of children and adolescents. In addition,
its deficiency in adults has been associated with bone loss
and an increased risk of fractures (Pagnoncelli et al., 2014).
Being an anabolic substance, GH has been used in
high-performance sports for the purpose of increasing
physical performance and also in fitness centers for aesthetic
purposes. However, the indiscriminate use of GH can have
consequences for its users, since its action in the human body,
especially in bone tissue, is not fully understood.
The possible forms of bone tissue analysis include
Raman spectroscopy (RS) which is able to provide
qualitative and quantitative information on organic
compounds (Silveira et al., 2012). In addition, RS is a method
of analysis that allows a real-time, non-destructive, and non-
invasive diagnosis, obtaining measurements of cellular
molecular structure, being a reliable option with regard to
methods of analysis (Walton et al., 1970).
Considering the above, the objective of the present
study was to evaluate the effect of growth hormone (GH)
and muscle strength training (ST) on the composition of bone
tissue in wistar rats through raman spectroscopy.
MATERIAL AND METHOD
Animals. A total of 40 animals were used, males, 60 days
old of the Wistar breed, from the Central vivarium at the
Universidade do Oeste Paulista – UNOESTE. The rats were
identified and kept in collective cages of 5 animals
(41x34x17.5 cm), at an average temperature of 23ºC, light/
dark cycle of twelve hours, and with free access to water
and feed. The present study was approved by the Committee
on Ethics in the Use of Animals (CEUA) (protocol nº 2626).
Experimental Protocols. The animals were divided into four
groups (N = 10): control (C), growth hormone (GHC), muscle
strength training (T), and muscle strength training with
application of GH (GHT). The study period was five weeks,
with one week of adaptation to the liquid medium (water)
(1x10 jumps, 2x10 jumps, 3x10 jumps), with overload and
duration progressively increased, as described by Manchado
et al. (2006), and four weeks of physical training.
Experimental Groups
Group (C): the animals remained free in their cages with
free access to water and food. However, with the intention
of providing the same stress as the animals that received
GH (GHC and GHT groups), physiological solution (0.9 %
sodium chloride) was administered instead of the hormone.
Group (GHC):  the animals remained free in their cages
with free access to water and food. In addition, 0.2 IU/kg of
GH was injected subcutaneously in each animal three times
a week on alternate days.
Group (T):  the animals were submitted to an exercise protocol
composed of four sets of 10 jumps, performed three times a
week, in a cylindrical PVC container, specially modified for
jumping in the water and with a depth appropriate to the length
of the animals (38 cm). Between each set of jumps a 1 minute
interval was established. The overload used corresponded to
50 % of the body weight of each animal and was corrected
weekly. The overload was accommodated in the anterior region
of the thorax using a vest, as used by Chacon Castoldi et al.
(2015). Similarly to group C, the animals received
physiological solution (0.9 % sodium chloride) instead of GH.
Group (GHT):  the animals performed compound exercise
in a similar way to the protocol mentioned above, however,
as in the case of the GH group, 0.2 IU/kg of GH, instead of
physiological solution, was administered to each animal.
Immediately after application, the animals were induced to
perform the training protocol.
Bone Tissue. At the end of the experimental period, all
animals were anesthetized intraperitoneally with a dosage
of 30 mg/kg body weight of Xylazine and 70 mg/kg body
weight of Ketamine and euthanized by exsanguination (Paiva
et al., 2005). The femur of the right hind limb was removed
by means of a surgical procedure, after which it was
immersed in physiological solution and stored at -20 °C.
Raman Microscopy. Analysis of the bone structure was
performed using a Renishaw micro-Raman spectrograph,
model in-Via  (Movasaghi et al., 2007). Alterations in the bands
corresponding to the following compounds were measured:
Calcium Carbonate - Triglycerides (fatty acids) 1073 cm-1,
Collagen type I 509 cm-1, Bone Phosphate - DNA (Protein)
589 cm-1, Phosphate Phospholipids 1078 cm-1, according to
the standardization developed by Movasaghi et al. (Table I).
A633 nm laser was used, with power in the sample
of order of microwatt (mW) and the diffraction grating was
1800 lines per mm. The exposure time adopted was 30 s and
the quantity of accumulations was equal to three.
Optical microscopy was obtained using a Leica
microscope (DMLM series), coupled to the spectrograph,
with an objective of 50x magnification. Three spectra were
collected from each sample, totaling nine spectra per group.
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Statistical Analysis. After obtaining the data, the Shapiro-
Wilk normality test was performed. As the data were
confirmed as normal, the ANOVA One-Way variance test
was carried out, followed by Tukey's post-test. All procedures
adopted a significance level of 5 % (p <0.05). Calculations
were performed with the application SPSS 22.0 for
Windows.
RESULTS
The following mineral compounds were measured:
Calcium Carbonate - Triglycerides (fatty acids) in the band
area at 1073 cm-1; Collagen type I in the band area at 509
cm-1, Bone Phosphate - DNA (Protein) in the band area at
589 cm-1, and Phosphate Phospholipids in the band area at
1078 cm-1. These measurements demonstrated that Raman
spectroscopy, through related vibrational bands, can be used
to evaluate these mineral compounds (Figs. 1 and 2).
The results of the femoral diaphysis spectra, analyzed
by Raman spectroscopy to verify the effects of strength
t aining and GH application on the bone tissue of experi-
mental animals, revealed that the vibrational bands with the
bone tissue composition were different (Fig. 2).
When observing the values of the respective bands,
it was possible to see that the T group demonstrated
significant increases (P <0.05) in the values of all varia-
bles studied in relation to the C group (Calcium Carbonate
- Triglycerides (fatty acids) Collagen type I, Bone
Phosphate - DNA (Protein). In addition, it was verified
that the GHC and GHT groups demonstrated an increase
in these variables, however, without statistical signif cance
(p> 0.05) (Fig. 3).
Fig. 1. Images of the femurs of Wistar rats in the following groups: Control (A); Control GH (B); Muscle Strength Training (C); Muscle
Strength training with the use of GH (D). Photomicroscopy with a 50x magnification. Scale corresponding to 20 µm.
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Fig. 3. Analysis by Raman Spectroscopy of the quantification of the compounds Collagen Type I (A);
Phosphate (B); Calcium Carbonate - Triglycerides (fatty acids) (C); and Phosphate Phospholipid (D) in the
bone tissue of male animals. (*) Statistically significant difference between groups from the ANOVA test
with Tukey Post-Test (p <0.05). (#): C different from T.
Fig. 2. Raman spectrum of bone 200 – 1200 cm-1. The intensity is demonstrated in arbitrary units
(a.u.). The intensity of Y = 0 (offset correction function) normalized for better visualization of the
bands. A 633nm laser was used.
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DISCUSSION
Several methods have been used to study bone;
however the majority of these methods are not sensitive
enough to generate information at the molecular level
(Currey, 2002). As it is a complex system, many variables
can affect its composition, formation, strength, and
properties (Allori et al., 2008). In this way, the method
used in the present study was Raman spectroscopy
(Movasaghi et al.).
It is probable the results obtained are due to the
application of the strength training protocol, which can
cause osteogenic stimuli, due to the increase in mechanical
stress in the bones (Cadore et al., 2005). Furthermore, this
stimulus caused by physical exercise apparently leads to
increased bone resorption (Mottini et al., 2008).
It has been observed that practitioners of sports
modalities with higher mechanical load present a greater
quantity of bone tissue properties (Mottini et al.). Physical
exercise programs have been widely used as part of the
treatment and prevention of osteoporosis, since physical
exercise induces an increase in mechanical load, which
acts on the bone tissue due toexternal forces and muscle
contractions. The increased mechanical load generates a
tensile force, which promotes bone remodeling and an
increase in bone mass (Mottini et al.).
Results similar to the present study were observed
by Renno et al. (2007), who submitted rats to exercises
for a period of eight weeks consisting of 4 sets of 10 jumps,
which proved to be effective in increasing bone mass and
strength. In the case of the present study, it was observed
that the ST protocol (4 sets of 10 jumps) was adequate to
increase the concentration of calcium carbonate -
triglycerides (fatty acids), as well as type I collagen and
bone phosphate - DNA (protein), indicating increased tissue
mineralization in response to training.
In another study using 16 repetitions of jumps with
high and low loads for five weeks, a significant
improvement in bone mineral density and cortical bone
area was observed (Boudreaux et al., 2014). According to
Mottini et al. and Cadore t al., the load imposed on the
bone structure, mainly during physical exercise, produces
an osteogenic effect.
Thus, it is probable that the exercise protocol applied
in the present study was responsible for the increase in the
mineral compounds analyzed. In an investigation using
low intensity freestyle swimming as a protocol, for a period
of four weeks, a decrease in bone mineral density was
verified when compared to the results of the control group
(Kim & Park, 2005), reinforcing that the intensity of the
exercises are key in the improvement of this parameter.
A study performed by Vasconcelos & Santos-Júnior
(2010) observed that the absence of stimuli on the bone
tissue results in a decrease in the deposition of calcium,
making it more fragile and weakened. Therefore, the
stimulus generated by exercise is necessary to regulate the
bone response, thereby providing better tissue calcification,
growth, and remodeling.
In this sense, all biological tissue needs to receive
stimuli to promote adaptations and development (Villafañe
et al., 2013). The mechanical forces induced on this system
through the sustentation of body weight and the practice
of the physical exercise can exert an anabolic influence.
It is likely the increase in minerals in the T group was
associated with GH secretion induced by exercise. This
fact may contribute in the case of individuals with GH
deficiency in early adulthood who present with decreased
bone mineral density and a slight chance of fractures
(Huang et al., 2002).
In the group in which the GH hormone was applied
d the training protocol (GHT) performed, better results
were observed in relation to the parameters analyzed in
relation to the GHC and C groups, however this difference
was not significant (p <0.05). The improvement in the GHT
group results in relation to the control group may be due to
the balance between reabsorption and formation of bone
tissue, which is influenced by several factors, such as
nutrition, hormonal activity, and physical exercise, among
others (Hojan et al., 2013).
The physical training applied in this study, combined
with the application of the GH hormone, resulted in a lower
response in the parameters compared to the group which
received training alone (T). Although this difference was
not significant (p<0.05), it implies that the application of
GH may have inhibited its production, possibly through
negative feedback.
The isolated application of the GH hormone also
resulted in an improvement in the parameters analyzed, but
again, this difference was not significant (P <0.05) in relation
to the C group and/or the other groups of animals. GH has a
fundamental role in bone health, since it exerts an effect on
osteoclasts and more markedly on osteoblasts, creating the
theoretical basis for its possible anabolic effect on the
skeleton Tran et al. (2009).
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One study observed that GH administered in a given
region may stimulate growth of the width of the epiphysis
cartilage and longitudinal bone growth (Wüster et al., 2001).
This finding demonstrates the possible anabolic effect of
GH in the animals used in the present study.
Finally, the present study collaborates with the literature
in verifying the effects of the application of GH and the per-
formance of an ST protocol. However, some limitations should
be considered in this study, such as the hormonal dose applied,
training protocol, and age of the animals. Future studies using
different ages, training forms, hormonal dosages,
supplementation, and forms of analysis may contribute to the
findings described up to the present moment.
CONCLUSIONS
It is possible to conclude that the T group
demonstrated greater mineralization of the compounds of
the bone tissue: Calcium Carbonate - Triglycerides (fatty
acids), Collagen type I, Bone Phosphate - DNA (Protein),
and Phosphate Phospholipids when compared to the other
groups of animals. In addition, the GHT and GHC groups,
although presenting higher values than the C group, did not
demonstrate significant differences.
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RESUMEN: El objetivo del estudio fue avaluar el efecto
de la aplicación de la hormona del crecimiento (GH) y entrena-
miento de la fuerza muscular (EF) en la composición del tejido
óseo de ratas Wistar a partir de la espectroscopía Raman. Fueron
utilizadas 40 ratas machos distribuidas de forma aleatoria en cua-
tro grupos (n=10): control (C), control y aplicación de GH (GHC),
entrenamiento de la fuerza muscular (EF) y entrenamiento de la
fuerza muscular y aplicación del GH (GHE). El entrenamiento fue
consistió en cuatro series de 10 saltos acuáticos, realizados tres
veces en la semana, con sobrecarga correspondiente a 50 % de la
masa corporal y durante cuatro semanas. El GH fue aplicado en la
dosificación de 0,2 UI/kg en cada animal, tres veces en la semana
y en días alternados. Después de cuatro semanas, los animales fue-
ran eutanasiados y retirados los fémures derechos para un análisis
de la estructura ósea. La espectroscopía Raman fue utilizada para
observar los siguientes compuestos a partir de las respectivas ban-
das: Carbonato de Calcio-Triglicéridos (ácidos grasos) 1073 cm-1,
Colágeno Tipo I 509 cm-1, Fosfato Óseo–DNA (Proteína) 589 cm-
1, Fosfato Fosfolípidos 1078 cm-1. Para el análisis estadístico, fue-
ron realizadas las pruebas Shapiro-Wilk y el análisis de variancia
ANOVA One-Way, seguida de test post hoc de Tukey. Los resulta-
dos revelaran aumento de la concentración de Carbonato de Cal-
cio-Triglicéridos (ácidos grasos), Colágeno Tipo I, Fosfato Óseo–
DNA (Proteína), Fosfato Fosfolípidos en todos los grupos experi-
mentales, asociados o no a la realización del EF y/o aplicación del
GH. Además, solamente el grupo EF mostró diferencia significati-
va del grupo C (p<0,05). Es posible concluir que todos los trata-
mientos mostraran aumentos en el tejido óseo, sin embargo, sola-
mente el grupo T  demostró una diferencia significativa en los com-
puestos minerales analizados.
PALABRAS CLAVE: Natación; Carbonato de Calcio;
Colágeno; Fosfato; Espectroscopia Raman.
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